Design-based learning (DBL) is an educational approach in which students gather and apply theoretical knowledge to solve design problems. In this study, we examined how critical DBL dimensions (project characteristics, design elements, the teacher's role, assessment, and social context) are applied by teachers in the redesign of DBL projects. We conducted an intervention for the professional development of the DBL teachers in the Mechanical Engineering and the Electrical Engineering departments. We used the Experiential Learning Cycle as an educational model for the professionalisation programme. The findings show that the programme encouraged teachers to apply the DBL theoretical framework. However, there are some limitations with regard to specific project characteristics. Further research into supporting teachers to develop open-ended and multidisciplinary activities in the projects that support learning is recommended.
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Introduction
Design-based learning (DBL) is an educational approach in which students gather and apply theoretical knowledge to solve design problems. DBL is rooted in active learning methods that facilitate students' learning processes. Five dimensions are relevant to the context of DBL. Based on a literature review we defined these dimensions as project characteristics, design elements, role of the teacher, assessment, and social context (Gómez Jochems 2011, 2013a) . DBL has been used to help students apply natural science concepts in secondary education. There are successful examples of DBL practices in high school curriculum to teach science (Apedoe et al. 2008; Doppelt et al. 2008; Doppelt 2009 ). Despite the fact that DBL has been investigated empirically in high school settings, in engineering education, however, research on DBL is scarce and the DBL characteristics in design projects have not been comprehensively investigated. In this study, we explore how teachers apply the DBL characteristics in redesigning their projects. Mechanical Engineering (ME) and Electrical Engineering (EE) teachers take part in a professional development programme, based on the Experiential Learning Cycle (ELC) as an instructional method to introduce the DBL theoretical framework, as well as to present good practices from engineering projects in order to encourage teachers to reflect critically on their own DBL projects.
In the next section, we provide a snapshot of the DBL theoretical framework. Subsequently, we present previous empirical research on DBL. We then describe the guiding educational principles that have given form to the professionalisation intervention with the DBL teachers and supervisors. We present the research method and the participants of this study. Next, we describe how we have used the ELC model as an instructional design approach during the professional development programme. Thereafter, we give examples of the application of DBL characteristics in the redesign of projects. Finally, we present our conclusions and discussion, along with implications for further research.
Background

The theoretical framework of DBL
DBL is an educational approach that has been mostly used in the context of secondary education to teach science (Apedoe et al. 2008) . Grounded in active learning methods, such as Learning by Design (Kolodner 2002) and Design-Based Science (Fortus et al. 2004 ), DBL has served to help students acquire problem-solving and analytical skills common to science classes while they work on design assignments.
In the context of higher education, however, DBL is rooted in the educational principles of problem-based learning (PBL) (De Graaff and Kolmos 2003) as a way to develop inquiry skills and integrate theoretical knowledge by solving ill-defined problems (Kolodner et al. 2003) . Distinctive elements of the approach emphasise the planning process embedded in engineering assignments while applying knowledge of the specific engineering domain through student involvement in the design activities of artefacts, systems or solutions.
Drawing on the findings of two literature studies (Gómez Puente, van Eijck, and Jochems 2011, 2013a), we framed DBL within five dimensions: project characteristics, design elements, the role of the teacher, assessment, and the social context. With regard to project characteristics, our findings reveal that engineering design assignments are open-ended, authentic, hands-on, and multidisciplinary. Examples of these characteristics are, for instance, assignments in which students work with incomplete information (Mese 2006) , devise their own design work plan (McMartin, McKenna, and Youssefi 2000) , seek alternatives and consider design solutions (Roberts 2001) in scenarios representing industry problems (Hirsch et al. 2001; Massey, Ramesh, and Khatri 2006; Van Til et al. 2009 ).
The design elements included in our DBL framework represent design activities conducted in real-life software engineering work places. We have adopted the classification used by Mehalik and Schunn (2006) based on an empirical taxonomy of design elements involving activities from the industry context, such as exploring graphic representation, using interactive/iterative design methodology, or conducting failure analysis (Gómez Puente, van Eijck, and Jochems 2011) .
The role of the teacher is to facilitate the learning process and coach and supervise students in DBL assignments. In these assignments, students gather and apply knowledge while working on design projects. In doing so, the teacher formulates questions to facilitate deeper understanding of design tasks (Hirsch et al. 2001; Roberts 2001; Van Til et al. 2009; Etkina et al. 2010 ), provides formative feedback on technical design progress as a meaningful method in the process of building domain knowledge (Massey, Ramesh, and Khatri 2006; Chang, Yeh Liao, and Chang 2008) , encourages students to articulate engineering terminology during regular meetings and presentations (Hirsch et al. 2001; Mckenna et al. 2006; Maase and High 2008) , and supports reflection to explicate rationale for technical design, procedures, or processes Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015 (Massey, Ramesh, and Khatri 2006; Geber et al. 2010) , all while playing an authentic role as a client or manager (Denayer et al. 2003; Martínez Monés et al. 2005; Massey, Ramesh, and Khatri 2006) .
The literature on assessment uncovers multiple forms and examples of assessment instruments, such as rubrics, mid-term reports or prototypes, online quizzes, individual or group reports, presentations, homework, and lab reports (Roberts 2001; Massey, Ramesh, and Khatri 2006; Shyr 2012; Zhan and Porter 2010) .
Examples of the social dimension include collaborative learning tasks, such as providing feedback to one another's plans or experiment results; collaboration on portions of individual assignments (Denayer et al. 2003; Chang, Yeh Liao, and Chang 2008) ; presentation of prototypes or final products, sometimes with representatives of the industry; and competitions (McKenna et al. 2006) .
The characteristics of DBL present in engineering education at university level have not been comprehensively researched, and therefore, we do not know what the benefits are of this approach for gathering and applying knowledge in solving design problems. The need to empirically investigate DBL as an educational concept and what the effects of the DBL characteristics are on the students becomes essential to shed light on DBL as an educational approach suitable for engineering disciplines. We are particularly interested in learning how these DBL characteristics can be introduced in design projects in order to facilitate students' learning processes. In this study, we aim, in particular, to explore how teachers apply DBL characteristics in the redesign of DBL projects. The redesign of the projects to include DBL characteristics will be the first step towards changing teachers' behaviour, as it is expected they will introduce this approach within the projects, according to our framework. This will allow us in a later stage to research the effects of DBL characteristics. We assume that working closely with the teachers will contribute to their professionalisation and assure ecological validity in educational practice.
Research context
DBL was introduced in 1997 at the Eindhoven University of Technology following a worldwide trend to provide students in engineering with knowledge and competencies to develop innovative solutions in response to societal and industry demands (Wijnen 2000) . Although DBL is grounded in the educational principles of PBL, it was integrated into engineering programmes in order to encourage students to gather and apply theoretical knowledge in design assignments. We organised a number of visits and study tours with both teachers and students to Aalborg and Roskilde universities in Denmark (Perrenet, Bouhuijs, and Smits 2000) with the purpose of presenting problem-oriented, project-based learning from the PBL model (Kolmos 2002) .
DBL was introduced as an educational approach consisting of six features: professionalisation, activation, cooperation, creativity, integration, and multidisciplinary. However, this educational approach has developed into different forms according to the needs of each engineering programme and curriculum purpose. At the ME department, the PBL approach from University of Maastricht was adapted to give form to teamwork assignments in which students gather and apply knowledge in problem-solving and design tasks. Other features adapted from the PBL model were the supervision system with tutors and the '7-jump' group work methodology. DBL at the EE department emerged from the traditional practical instructional form.
As the practice of DBL has evolved over the years and has been adapted to give form to the different engineering study programmes and curriculum purposes, we were interested to know how DBL is performed in practice within the different engineering disciplines. Furthermore, our interest lies in learning how we can improve these DBL practices by comparing the results of our previous study (Gómez Puente, van Eijck, and Jochems 2013b) with the redesign of DBL projects after our intervention in this study. Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015
Previous research on DBL
We conducted a quantitative survey of teachers' and students' perceptions of second-year DBL projects with respect to DBL characteristics in four engineering departments: ME, EE, Built Environment (BE), and Industrial Design (ID). In addition, we carried out a qualitative analysis of DBL projects to identify whether the DBL characteristics included in our theoretical framework actually are present in the projects assigned (Gómez Puente, van Eijck, and Jochems 2013b) .
Results from the survey reveal there are differences in perceptions between the departments with respect to the presence of DBL characteristics. ID teachers and students identify the DBL characteristics to a greater extent than those in the other departments. Significant differences are found when we look at project characteristics, the role of the teacher, and design elements among the departments. With respect to assessment and social context, we cannot make rigorous statements since the outcomes regarding these two dimensions appeared less reliable. This might be due to the formulation of questions, to the low number of items included in these two dimensions, and to differences between departments in the implementation of DBL.
When analysing projects, findings indicate that not all DBL dimensions are embedded in the projects throughout all departments. We find differences in some aspects of project characteristics, the role of the teacher and design elements. These differences are encountered mainly in ME and EE when compared to the practices in BE and ID.
Furthermore, we reviewed the second-year DBL projects following a protocol we developed (Gómez Puente, van Eijck, and Jochems 2013b), comprising characteristics of DBL projects from the literature. We followed Yin's (2009) model to design and validate this protocol. Examples of DBL characteristics encountered in the literature included in our protocol are 'Projects are open-ended, e.g. no unique solution is given in the end, looking for alternatives is encouraged'; 'During project implementation, teacher gives regularly individual feedback on content contributions to the project progress (e.g. conceptual and technical design, prototype)'; and 'When student teams are involved in projects, students test hypothesis and explore the reasons for a design to fail'.
The outcomes of the analysis of the project materials indicate there are differences in the DBL projects with respect to project characteristics, the role of the teacher and design elements, and to a lesser extent with regard to the social context and assessment. When looking at project characteristics, we find differences in the areas of open-endedness, authenticity, and multidisciplinary elements. Variation between the departments also exists with respect to the role of the teacher. At ID and BE, coaching and supervision take place on technical design aspects, on process, and on self-development. In ME and EE, however, coaching is limited to technical design aspects and coaching and supervision to the design process. Formative feedback is encountered in the BE, EE, and in ID practices; in ME projects, however, students are assessed at the end based on project reports. With respect to design elements, differences mainly refer to iteration, reflection on process, and communication with users through prototype exposure to external parties, stakeholders, or groups of teachers.
Thereafter, we conducted research on teachers' and supervisors' actions in coaching students (Gómez Puente, van Eijck, and Jochems, 2013a) . Results of this research, based on observations and interviews, show that teachers' and supervisors' do not always perform the coaching actions we see in the DBL literature. In addition, interviews with the supervisors reveal that coaching and feedback were intuitive, not formalised, and rarely took place with the use of criteria.
According to the above research findings, we have conducted an intervention for the professional development of DBL teachers with the aim of enabling them to redesign their projects according to the DBL theoretical framework. In doing so, we looked for a vision to frame the teachers' professionalisation path following current trends. In the coming section, we specify the professional development programme we used for the DBL teachers. Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015
The professional development of the teachers
In contemporary research on the professional development of teachers, interventions considered promising are those situated in the context of engaging teachers in inquiry and reflection about their own concrete classroom situations on educational practices, together with colleagues (Schön 1983; McAlpine et al. 1999; Healy 2000; Hoekstra et al. 2009; Van Veen et al. 2010) . Likewise, other examples of interventions are those involving the teachers in the analysis and formative evaluation of their own educational experiments and practices used iteratively to develop education (Cobb et al. 2003; Van den Akker 2003) .
Building upon the above-mentioned principles and in line with the educational theories and models from the engineering projects in our literature review (Gómez Puente, van Eijck, and Jochems 2012), we were interested in exposing teachers to best practices in situated design scenarios representing realistic engineering design activities. In these scenarios, learning is situated in real-world, complex tasks that engage students in solving meaningful problems. Displaying these types of examples will inspire teachers to construct authentic and realistic design assignments (Jonassen, Strobel, and Lee 2006) .
We selected the ELC by Kolb (1984) as a constructivist learning model to work with teachers during professionalisation sessions. This inquiry model, based on inductive and deductive principles, builds upon experiencing insights and situations, reflecting upon own practices (Schön 1983) , generalising and understanding the new DBL insights, and applying new ideas in the redesign of DBL projects. This process resembles analogies of design easily recognised by teachers in engineering disciplines. The iterative character of this model reproduces the engineering design approach of developing products and systems following a process of analysis, reflection and communication on a prototype, and finally, application and testing in a new context. This approach allows teachers to review practices and redesign DBL projects.
We have taken the ELC model and adapted it to our own context for the professionalisation sessions with the teachers. Figure 1 shows how we have adapted it to give structure to our programme.
Research questions
Following a line of investigation from our theoretical framework to the analysis of the implementation of DBL in the engineering study programmes and the professionalisation of DBL teachers, we were interested in exploring the following research questions:
• To what extent have the ME and EE teachers applied the DBL theoretical framework in the redesign of the projects as a result of a professionalisation programme using the ELC as an educational method? Figure 1 . Adapted from the ELC (Kolb 1984 • Are there improvements in the redesign of these projects when compared to the projects of our previous study?
Selection of participants and method
Selection of projects and selection of participants
For the purpose of this study, we selected four projects at two departments, ME and EE, following the results of a previous investigation (Gómez Puente, van Eijck, and Jochems 2013c) . At the ME department we chose the two projects compulsory for all ME students at the freshman level. The EE projects included in our study were the only two projects assigned in the second year. In Table 1 , we provide an overview of the engineering departments and the name of the projects we have employed for this study. The participants at the ME department were teachers responsible for the design, supervision, and assessment of the four DBL projects at the freshman level. In addition, technical staff deeply involved in the supervision and to a certain extent in the project design process was also selected. In total N = 6 teachers took part in the professionalisation meetings. The selection of participants was made by the educational director of the department.
At the EE department, the participants were second-year bachelor teachers who participated in a previous research study ( Gómez Puente, van Eijck, and Jochems 2013c) . The total number of teachers pertaining to the two DBL projects at the EE department was N = 7.
Regarding the supervision of students, both the coaches at the ME department and at the EE department responsible for the supervision of the weekly group meetings were also selected. A total of N = 24 ME and N = 15 EE coaches were trained. The main function of the coaches in DBL is to supervise the student groups in weekly meetings. Coaches provide feedback on weekly assignments as well as group performance. In addition, coaches also assess the group and individual work. Coaches at the ME department were master students, senior teachers, and technical staff. In principle, master students act as coaches. However, in case of lack of coaching staff, technical staff and teachers can also act as coaches. At the EE department, coaches were master students. Due to a lack of master students for the second EE project, second-year students were also selected for the supervision of the DBL groups, and consequently, for the training.
The method and set-up of professional development for the DBL teachers
The professionalisation programme consisted of four meetings with, in total, seven hours contact time. The first meeting consisted of an introduction to the research context on DBL. The other three sessions were devoted to the main content areas: the design of projects focusing on project characteristics and design elements, the role of the teacher in supervising and coaching students, and the assessment and social context. In addition, individual feedback was provided on the redesign of the projects. The professionalisation sessions were structured according to an adaptation of the ELC model as presented in Figure 1 . Each session followed the same approach in applying the ELC phases to inspire analysis, reflection through discussion, understanding DBL insights, and finally, application of ideas in the redesign of DBL projects.
During the concrete experience phase, teachers were exposed to examples of best practices from the literature on the five dimensions. Exposure to these experiences served as an eye opener to stimulate inspiration for their own projects. During this phase, examples of open-ended and authentic tasks were presented. For instance, we provided an example from our literature review (Massey, Ramesh, and Khatri 2006) : students working on the development of mobile applications by engaging the industry and presenting mobile solutions to an expert panel of industry judges and faculty members. Examples provided concerning the teachers' role refer to the teacher who, during project implementation, provides regular individual feedback on content contributions to the project progress (e.g. conceptual and technical design, prototype). Other examples demonstrate students applying design elements, such as 'test hypothesis and explore the reasons for a design to fail', that stimulate further research on system features to develop a complete prototype.
During the reflective observation phase, teachers reflected on their own practices by comparing their projects to the practices from the DBL literature. Teachers critically analysed their own projects, recognised the limitations and possibilities of DBL within the context of their own classrooms, identified differences between their own projects, and defined opportunities to integrate and reproduce in the context of those projects. With respect to the teachers' role in coaching and supervision, results of research previously conducted on teachers' and supervisor's actions at the ME and EE departments (Gómez Puente, van Eijck, and Jochems 2013a) were presented along with examples from the literature on supervising students. Other illustrations of the teachers' role from our literature (Etkina, Murthy, and Zou 2006; Chang, Yeh Liao, and Chang 2008; Etkina et al. 2010; Geber et al. 2010 ) displayed teachers' actions by formulating questions, stimulating students to look at the problem from different perspectives, providing formative feedback on students' learning processes, and encouraging self-reflection on their own design practices through iterative prototyping that fostered a critical reflection.
In the abstract conceptualisation phase, teachers gained a better understanding of the DBL characteristics and educational theories. The teachers re-interpreted their ideas and experiences to transform them on engineering design scenarios to enhance students' learning implementation activities as real engineers solving realistic industry problems. In addition, some theory was explained, for instance, on how to design rubrics as an instrument to provide feedback and assessment.
Finally, the active experimentation phase consisted of the redesign and integration of the DBL characteristics into their current projects. Feedback was used to further adjust the projects. The result of the application phase was the project set-up and description for the students. The project documents were used for the analysis of the redesign of the projects. In Figure 2 , we present an example of the set-up of an open-ended project, 'Power conversion and distribution system as applied to electric vehicle chargers', at the EE department. In this assignment, students need to design the whole electrical system with few specifications and no architecture to the design.
The professional development programme also included the tutors and project leaders at both departments, as they perform a key role in the supervision and coaching of student groups. Following the DBL model from the literature, the supervisors were trained in the use of rubrics as an instrument for feedback and assessment. In addition, as engineering design is a questiondriven process, the focus on questioning and inquiry was a prominent topic during the sessions Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015 with the tutors and project leaders. Examples of questions and feedback were presented to generate understanding in the actions that supervisors carry out during the coaching of students. These new topics were included in the regular programme for supervisors and consisted of two hours.
Analysis of the redesign of the projects' study materials
We have analysed the project documents the teachers redesigned during the professionalisation meetings. In doing so, we have used a protocol we developed in a previous study (Gómez Puente, van Eijck, and Jochems 2013b) . This protocol has been tested before in the analysis of second-year engineering study programmes to examine whether the projects included the DBL characteristics from our theoretical framework. The results of our analysis on second-year projects with the protocol were verified via a check interview with the teachers.
For the purpose of this study, we adapted this protocol slightly with respect to the role of the teacher. The original protocol included items under the teachers' role element that were meant to be used during the interviews. This specific information, however, is not applicable for this study and is therefore not found in the project description and materials developed by the teachers during the instant study. We provide in Table 2 a general overview of some of the DBL characteristics we used in our protocol to analyse the projects' redesign.
Verification of findings of the redesign of projects
To verify the findings of our analysis of the redesign of the projects, we requested an outside researcher, who was not included in this research study, to analyse and review a sample of the projects. We selected the second researcher according to the following criteria: experience in research methodologies, knowledgeable about engineering education and active learning approaches, expertise in project-based education, and familiarity with the DBL characteristics used in this study. We selected one project from each department. The second researcher was instructed Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015 presentations of prototypes to company Peer-to-peer communication: peer learning processes within and across teams when students share laboratory resources and engage in debates Motivation through competitions; variation in design techniques and approaches: learning principles are the same, but prototype is different in the DBL characteristics and, subsequently, was asked to analyse the projects following our protocol.
Results of the inter-rater reliability (Gwet 2012 ) between the two researchers show a moderate to good level of agreement (Cohen's Kappa). The level of agreement for the ME project is .70 (good), and in the EE project .54 (moderate). The major discrepancies among the two researchers are encountered in the interpretation of open-endedness. This may be caused by the fact that the project description and materials to be analysed may not be sufficiently illustrative of the openended character of the assignment. Despite the discrepancy between the researchers regarding this EE project, we still considered this project to include substantial DBL characteristics from our framework, as shown by a comparison of Figure 3 (c) and 3(f), indicating a significant improvement after the intervention. The results of the redesign were sufficient for the researchers to determine that the EE department had met the expected standards.
However, being aware of this limitation, a possible remedy in conducting future studies will include adjusting the protocol document used to analyse the projects. This will include more examples from the literature, clarifying precisely the concept of open-endedness to make external researchers more familiar with this aspect. Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015 open-ended projects, hands-on projects, authentic projects, and multidisciplinary. Design elements: explore problem representation, use interactive/iterative design methodology, search the space (explore alternatives), use functional decomposition, explore graphic representation, redefine constraints, explore scope of constraints, validate assumptions and constraints, examine existing designs, explore user perspective, build normative model, explore engineering facts, explore issues of measurement, conduct failure analysis, and encourage reflection on process. Teacher's role: supervision on technical design aspects, supervision on process, and supervision on self-development. Assessment: formative assessment (individual or group tasks) and summative assessment. Social context: team work, communication, and peer-to-peer activities. (a) ME Project 1; (b) ME Project 2; (c) EE Project 1; (d) EE Project 2; (e) ME Project 2 -before intervention; (f) EE Project 1 -before intervention; and (g) EE Project 2 -before intervention.
Results
Section 4.1 presents in detail the results of the analysis of one of the four projects, serving as an example of how the DBL characteristics of our theoretical framework have been employed by the teachers in the redesign of this project. Section 4.2 describes in a more outlined fashion the results of the analysis of all four redesigned projects. We also present the projects from our prior study (Gómez Puente, van Eijck, and Jochems 2013b) in order to compare those with the current redesigns. Table 3 shows that the project characteristic open-ended is represented as an ill-defined task that launches students in the design of a power transfer system for electric cars. Not all specifications for the architecture for all sub-systems (e.g. power tracking, load detection, DC/DC and DC/AC convertors) are provided, and no unique solution or result is indicated, as shown in the lefthand side in Figure 2 . Hands-on approach is to design the system, to determine the functionality and interactions of each sub-system, to research the properties and search alternatives by doing simulations, to build and test prototypes, and finally, to improve models in iterations.
The redesign of the 'Power conversion' EE project
Authentic characteristics are represented by a realistic scenario with students playing the role of engineers in an electronics company hired by a wind turbine manufacturer.
We noticed that no multidisciplinary aspects are encountered or linked to the context of societal, environmental, or economic problems. Theory of different courses, however, is integrated, providing a more interdisciplinary character to this project.
With respect to the design elements, the project includes new design activities, such as encourage reflection on process, explore user perspective, use interactive/iterative design methodology, redefine constraints, and explore scope of constraints, among others.
We notice in the redesign of this project that the role of the teacher is displayed by providing supervision of students' technical design tasks, monitoring the progress using rubrics, and also encouraging the students' development.
Regarding formative and summative assessment, the project assignment focuses on process and products (i.e. planning and design system, reports, and demonstrations of sub-systems). Furthermore, with the development of rubrics, students are coached and assessed during the process, providing opportunities for learning and self-development. Assessment with rubrics has been included to bring objectivity and content validity into the assessment process.
Finally, the social context (e.g. competitions, presentations, and peer-to-peer) is represented in this project by a competition and a mid-term presentation with the client and the expert panel, although no representation of industry stakeholders is included.
The redesign of the ME and EE projects: overview of outcomes
We describe in this section the results of the analysis of the ME and EE projects. For each of the projects we carried out a detailed analysis as presented in Table 3 . The results of the analysis of these projects are outlined in Figure 3(a)-(d) . In the figure, we separate the DBL characteristics with extant lines. Lines touching the outer boundaries on the top of the spider web diagram indicate that the DBL characteristics are present in the project. Lines in the middle point out that the DBL characteristics are represent to certain extent. No lines coming from the centre of the spider web diagram indicate that no DBL characteristics are encountered. To gain a better scope of changes implemented through this study, we compare the redesigns with those projects before our intervention (Gómez Puente, van Eijck, and Jochems 2013b), as shown in Figure 3 With respect to project characteristics (open-endedness, authenticity, hands-on, and multidisciplinary) encountered in ME projects, the two projects include open-ended tasks to a certain extent, as illustrated in Figure 3(a) and 3(b) . In the 'Truss Construction' project, the design specifications are provided; however, students may choose the two-dimensional model to construct based on calculations and explorations on sketches and prototypes. Likewise, in the 'The Propeller' project, some product specifications are given. Students are to investigate the design properties and make decisions around the diameter of the propeller, the set-up of the motor, etc. Hands-on approach is used to carry out experiments, design and build, and test prototypes. Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015
With respect to authenticity, the redesign of the ME projects resembles realistic scenarios to solve an assignment for a company representing a real-life situation. Other representations of authenticity include mid-term presentations to a panel of experts in the 'Truss Construction' project. In the 'Propeller'project, authenticity is embedded in engineering practical tasks, having a manufacturer advising on a special motor and battery in the propeller. Multidisciplinary, however, is not found in any of the ME projects, nor are the aspects of other contexts.
Concerning the design elements, we observe that these elements are applied as a tool kit to model project activities. The 'Truss Construction' project includes new design elements, such as explore user perspective in the form of an expert panel during a mid-term presentation, with the purpose of encouraging students' reflection based on results, and consequently, interaction. 'The Propeller' project comprises elements such as explore issues of measurement, explore problem representation, and/or build a model, but use iterative design methodology and encourage reflection are new to this setting following our intervention.
With regard to the role of the teacher, in supervising technical design tasks, the process, and the students' development, the projects include more formative feedback on processes and products. Students are supervised based on mid-term presentations or on a measurement plan. Furthermore, teachers have developed rubrics and criteria lists to monitor the technical progress, the group process, and students' individual development. In terms of formative and summative assessment on process and products, there is a focus on both individual and group contribution and performance.
In our analysis, we perceived that the social context in the form of competitions, presentations to stakeholders, peer-to-peer feedback, etc., is represented in the project 'Trust Construction' by, for instance, a mid-term presentation. Although no company representatives are included in this presentation, an expert panel with representatives of a technical university and a fictitious company client was organised. The competition element was previously included in this project. The redesign of 'The Propeller' includes presentations within the group meetings to enhance students' presentation skills. This is a new element in the social context of the project that responds to new educational policies. In this regard, the ME educational department together with the researchers in this study have developed a rubric instrument to provide objectivity and validity in the peer-to-peer review process.
Regarding the EE project characteristics, open-ended tasks are found in both projects, although in the 'Robotic surgery' project, these are encountered to a lesser extent. In this project, students select different alternatives on sub-system levels and the performance specifications are not given. However, some information is provided. Hands-on characteristics are represented by designing systems following a series of experiments, simulations, and test(s) of the prototypes.
From our analysis we noticed that authenticity is represented in the 'Power conversion' project by students working as engineers in an electronic engineering company, which is hired by a wind turbine manufacturer. The teachers act as clients and experts. Regarding the 'Robotic surgery' project, the scenario previously included an authentic scenario to design a robot arm for a company working with medical equipment. The redesign does not include any new authentic elements in this regard.
No multidisciplinary aspects are encountered in the projects, although the projects are linked to courses holding a more interdisciplinary character. Looking at the design elements, both projects include new activities, such as use iterative design methodology, explore user perspective, and encourage reflection on process; these are the new elements encountered in the set-up of project activities following our intervention.
The teachers' role in the projects is to supervise students on technical design, process, and development of students. Technical supervision takes place by the teacher as the client and by the different domain teachers during mid-term presentations in the 'Power conversion' project. In the 'Robotic surgery' project, supervision on technical design was already included based on interim Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015 deliverables of prototypes. The technical process is now supervised with the use of rubrics as feedback instruments.
Regarding formative and summative assessment on process and products, this element is now integrated and formalised via the use of rubrics. Social context is now represented by competitions, peer-to-peer collaborative activities, and presentations to fictitious stakeholders, as well as giving feedback and assessing peer interventions.
Concerning the ME projects, we can only compare 'The Propeller' project in general terms, as this was a second-year project that is now taught at the freshman level. In Figure 3 (e), we observed that changes were applied in all DBL dimensions in comparison to the former version of this project. Regarding ME1, unfortunately, we cannot make comparisons in the redesign of this project because it is a first-year project, and therefore, it was not part of our previous research study on second-year projects.
Reviewing the EE projects before our intervention, we identified in Figure 3 (f) and 3(g) that, for instance, concerning open-endedness the projects, and in particular EE1, information provided to students was well-structured in the previous version and included step-by-step instructions to carry out activities. Likewise, we perceived in Figure 3 (f) that the former design did not include authenticity dimensions, as the tasks comprised solving a guided problem. In our analysis of the EE teachers' role, we found that supervision focused on technical aspects but also included technical progress and student development.
In our analysis, we have also identified differences among the projects and the departments, which are found mainly in some aspects of project characteristics, i.e. open-endedness. Although all projects show open-ended features in the design assignments, the set-up of the EE projects reveals a broader character of openness than the ME projects in some aspects. This difference may respond to the fact that the ME projects are at the freshman level, where the emphasis of the curriculum lies on teaching students to work in groups and familiarise themselves with the DBL approach, and later to learn about the heuristics of the design process. The EE second-year projects, however, put students in a higher level of complexity of the design process, building upon the design experiences in the projects assigned during the first year.
With regard to authentic character of the teacher's role, in ME projects the teacher does not play a lifelike role as a client, user, or manager of a company. In the EE projects, the teachers play a more realistic role, as they act as clients and experts regarding the first project, the 'Power conversion'. The supervision role focuses now on the technical feedback, such as prototype design and the process based on intermediate deliverables. In addition, in the EE project teachers plan more frequent supervision opportunities on technical design.
Conclusions
In this study, we examined to what extent ME and EE teachers apply the DBL theoretical framework in the redesign of their projects as a result of a professionalisation programme using the ELC as an educational method. Furthermore, we also explored whether there are improvements in the redesigned projects in comparison with the projects of our previous study.
Based on our analysis, we can conclude that there are improvements in the redesign of the projects in both departments as a result of the professionalisation intervention. As described above, the projects comprise the DBL characteristics to a greater extent than in the previous study. The fact that this method appears to be suitable to carry out changes in current teacher practices in DBL within two engineering departments allows us to think that it can be successfully applied in other engineering departments at this university, having comparable design projects in their curricula. Furthermore, this result serves to encourage faculty to apply this method and to introduce it in the projects in different engineering disciplines at other technical universities. Moreover, Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015 following the research done in previous studies (Gómez Jochems 2011, 2013a) the examples encountered in the literature upon which we have built our framework are embedded in a broad range of engineering disciplines, showing the suitability of similar practices and approaches in different domains. Therefore, it seems likely that the method is effective in (re)designing DBL-like projects, but of course, additional evidence is necessary. The core element, however, is to work together with teachers in the analysis and reflection of daily projects in their own classroom situations and discover the opportunities allowing for contextualisation. Obviously, educational change can be implemented by developing own scenarios following the DBL educational principles and examples.
In addition, we learned from this experience that the approach used in the professionalisation programme is promising as an instructional method to work with teachers in educational change. To evaluate the effects of our intervention we have followed Kirkpatrick's evaluation model. We have mainly focused on the level of reactions of participants and their opinions about the programme's usability and practicality regarding the context in which they develop projects. Further, focusing on Kirkpatrick's level of behaviour, we have carried out observations of and interviews with teachers and supervisors. We have measured some effects of DBL characteristics on students (Gómez Puente, van Eijck, and Jochems 2013a). The results of this study verify that teaching and supervising staff have changed their behaviour as they apply the DBL characteristics from our framework.
Discussion and implications for further research
From the results of this study we learn that although the DBL characteristics project characteristics and multidisciplinary are integrated in the projects, they still are present to a lesser degree. We understand that these characteristics are aligned to the organisation of the curriculum and project learning outcomes.
The degree of open-endedness is linked to transferring the responsibility in the learning process from the teachers to the students (Shuell 1996; Vermont and Verloop 1999; Atman et al. 2007; Hmelo-Silver, Duncan, and Chinn 2007) . From our study, we perceive that some projects taught in the freshman year contain more limitations regarding open-endedness than the projects carried out in upper levels. In addition, teachers' considerations are that students best learn to design following a heuristic path and that openness grows in the curriculum over the years. In this regard, it can be understood that open-ended is limited in some projects. However, as open-ended also implies a shift in teachers' roles to give students a wider level of autonomy in learning to solve design tasks independently, it is essential to support teachers to develop and implement supervision tools. Creating a means to supervise students' self-direction will help to generate a balance between the openness of the projects without jeopardising students' leaning. Strategies to promote open-endedness in the projects are included already in the DBL framework of characteristics. These can be utilised as resources to design scenarios integrating open-endedness in the projects. Furthermore, to create a balance between the degree of freedom given to the students and supervision methods, the emphasis on the teaching paradigm shift should be intensified. On the other hand, forms of shared regulation at cognitive, affective, and regulative learning function level (Vermont and Verloop 1999) have to be included in the supervision during DBL group work. These learning strategies could be embedded in the supervision of students in technical aspects, the process, and the self-development of the student as a means to remediate the complexity that open-endedness brings about in undertaking design problem-solving tasks. Likewise, multidisciplinary is not present in the projects. Interestingly, the projects do not include aspects from different contexts, such as social, economic, or environmental, which would allow a broader investigation of the design perspective. Involving multidisciplinary elements from this viewpoint Downloaded by [Eindhoven Technical University] at 07:18 16 February 2015 infers the development of a more elaborate project set-up, outcomes, and assessment criteria, without endangering the time allotted for project work and the orientation of the curriculum.
This study presents also some limitations. Although we perceive adjustments in the redesign of DBL projects of our study, we unfortunately cannot strictly compare the original and the redesigned projects at the ME department. The analysis of the ME projects of our preliminary study focused on the second-year bachelor projects; however, the redesigned projects included in our current intervention are part of the freshman year. The change in scope in the bachelor years responds to management decisions at the departmental level.
Moreover, other limitations in this study are encountered in that this study has been carried out in one university and therefore we are unable to generalise the results. However, these results can be seen as an inspiration for other technical universities to critically review their DBL practices.
Finally, one of our premises was that working closely with educational practitioners in a collaborative environment provides a suitable platform for the professionalisation of teachers, which may influence teachers' behaviour (Kirkpatrick 1994; Fullan 2001 ). However, we are cautious to make rigid statements in this regard, as we cannot assess the impact of our intervention in teachers' daily practice at this stage.
